In this paper, we investigate multiple-attribute decision-making (MADM) with Pythagorean 2-tuple linguistic numbers (P2TLNs). Then, we combine the weighted Bonferroni mean (WBM) operator and weighted geometric Bonferroni mean (WGBM) operator with P2TLNs to propose the Pythagorean 2-tuple linguistic WBM (P2TLWBM) operator and Pythagorean 2-tuple linguistic WGBM (P2TLWGBM) operator; MADM methods are then developed based on these two operators. Finally, a practical example for green supplier selection is given to verify the developed approach and to demonstrate its practicality and effectiveness.
Introduction
The intuitionistic fuzzy set (IFS), developed by Atanassov [1] , is an extension of fuzzy set theory [2] . IFS is constructed by a membership degree and a nonmembership degree, and can therefore depict the fuzzy character of data more comprehensively and in greater detail. In the past decades, many intuitionistic fuzzy information aggregation operators have been proposed [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . More recently, the Pythagorean fuzzy set (PFS) [15, 16] has appeared as an effective tool for depicting the uncertainty of multiple-attribute decision-making (MADM) problems. The PFS is also characterized by the membership degree and the nonmembership degree, whose sum of squares is less than or equal to 1; the PFS is thus more general than the IFS. In some cases, the PFS can solve problems that the IFS cannot-for example, if a DM problem gives the membership degree and the nonmembership degree as 0.8 and 0.6, respectively, then it is only valid for the PFS. In other words, all the IFS degrees are a part of the PFS degrees, which indicates that the PFS is more powerful for handling uncertain problems. Zhang and Xu [17] developed a Pythagorean fuzzy Technique for Order Preference by Similarity to an Ideal Solution(TOPSIS) for handling the MADM problem. Peng and Yang [18] developed the Pythagorean fuzzy superiority and inferiority ranking method to solve multiple-attribute group decision-making problems. Beliakov and James [19] focused on how the notion of "averaging" should be treated in the case of Pythagorean fuzzy numbers (PFNs). Reformat and Yager [20] used PFNs to handle a collaboration-based recommender system. Gou et al. [21] investigated the properties of continuous PFNs. Ren et al. [22] proposed the Pythagorean fuzzy TODIM(an acronym in Portuguese of interactive and multi-criteria decision making) method for MADM problems. Garg [23] proposed generalized Pythagorean fuzzy information aggregation
Preliminaries

P2TLSs
Wei et al. [34] proposed the Pythagorean 2-tuple linguistic sets (P2TLSs) based on the PFSs [15, 16] and 2-tuple linguistics [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] .
Definition 1 [34] . A P2TLSs A in X is given by
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, , , 
Hence, (5) is maintained. Thereafter: 
Similarly,
Thereafter,
Because 
Proof. 
SS  
, and we also can obtain 
Proof. Through Definition 3, we can obtain
Thereafter, 
Therefore, 
Thus, 
Hence, (36) is maintained. Thereafter, Step 4. End.
Numerical Example and Comparative Analysis
Numerical Example
In this section we shall present a numerical example to select green suppliers in green supply chain management with P2TLNs in order to illustrate the method proposed in this paper. There are five possible green suppliers in the green supply chain management
The experts select four attributes by which to assess the five possible green suppliers: ① C1 is the product quality factor; ② C2 is environmental factors; ③ C3 is the delivery factor; and ④ C4 is the price factor. The five green suppliers   Step 1. According to P2TLNs   Step 2. The scores, derived according to the information in Table 2 , are shown in Table 3 . Step 3. The ordering of the suppliers, according to the information in Table 3 , is listed in Table  4 . The order of the green suppliers is slightly different, but the best green supplier is O3 or O4. Table 4 , we can easily see that these two operators may generate slightly different ranking results. The main reason causing this ranking result difference is that the P2TLWBM operator emphasizes the group influences; however, the P2TLWGBM operator emphasizes the individual influences. Table 7 . Order of the green suppliers.
Order P2TLWA O3 > O4 > O5 > O1 > O2 P2TLWG O3 > O4 > O5 > O1 > O2
From the above, we can see that we get the same results, showing the effectiveness of our approaches. However, the existing aggregation operators, such as the P2TLWA operator and P2TLWG operator, do not consider the relationship between arguments being aggregated, and thus cannot eliminate the influence of unfair arguments. Our proposed P2TLWBM and P2TLWGBM operators consider the information about the relationship between arguments being aggregated.
Conclusions
In this paper, we focused on P2TLN information operators and their application to MADM. To aggregate the P2TLNs, the P2TLWBM and P2TLWGBM operators have been developed. We have conducted further research on these two operators' numerous desirable properties. In addition, we demonstrated the effectiveness of the P2TLWBM and P2TLWGBM operators in practical MADM problems. Finally, we use an example about green supplier selection in the green supply chain management process to elaborate the applicability of these two operators; meanwhile, the comparison between parameters of different values has also been analyzed. In the future, we shall expand the proposed models to unbalanced fuzzy linguistic information [56] and some other fuzzy and uncertain MADM problems .
